Enhancement of photoluminescence intensity of GaN-based light-emitting diodes with coated polystyrene/silica core-shell nanostructures.
We report the enhancement of the photoluminescence (PL) intensity of GaN-based light-emitting diode (LED) structures by using of a surface coating of polystyrene (PS)/silica (SiO2) core-shell nanospheres. PS/SiO2 core-shell nanosphere-coated LEDs show the highest PL intensity among various type LEDs. The relative PL intensity of PS/SiO2 core-shell nanosphere-coated LEDs increased by 10% and 14% compared with that of LEDs coated with only SiO2 nanospheres and conventional LEDs without any nanostructures, respectively. Moreover, the theoretically investigated results using finite-difference time-domain (FDTD) simulations show the 1.33 times improvement of total intensity integrated over the measured sample coated by PS/SiO2 core-shell nanospheres than that of a conventional LED without the coating of nanospheres, which corresponds to the experimentally observed results. The enhancement in PL intensity using PS/SiO2 core-shell nanostructures can be attributed to the improvement in light extraction efficiency by both increasing the probability of light escape by reducing Fresnel reflection and by multiple scattering within the core-shell nanospheres.